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doi:10.1Objective: Congenital mitral and tricuspid valve abnormalities in unbalanced atrioventricular canal defects are
complex. We designed procedures to both repair and induce growth of hypoplastic atrioventricular valves and
ventricles to achieve 2-ventricle repairs. Midterm data were assessed for reliability of catch-up growth, resulting
quality of atrioventricular valves, and adequacy of 2-ventricle repairs.
Methods: The 24 consecutive infants (14 female and 10 male) with unbalanced atrioventricular canal defects
had significant hypoplasia of 1 atrioventricular valve and/or ventricle (an echocardiography-derived z value
of3.0 standard errors of the mean below expected). Operative approaches included the following: (1) Staged
repair was performed, with complete valve repair, partial closure of the atrial septal, and ventricular septal de-
fects, and (usually) pulmonary artery banding. After adequate growth, repair was completed. A vestigial mitral
valve (4–7 mm) in 3 patients led to partitioning the large tricuspid valve, creating a second mitral valve. (2) Re-
pair with a shift in atrioventricular valve partitioning was performed to increase hypoplastic atrioventricular
valve size. (3) Repair with snared atrial septal defects and ventricular septal defect was performed to allow in-
tracardiac shunting. The hypoplastic atrioventricular valves and hypoplastic ventricles were reassessed on local
follow-up (5–15 years).
Results: The initial z scores were2.8 to7.4 for hypoplastic atrioventricular valves and1.0 to7.5 for hypo-
plastic ventricles. Follow-up z scores were0.6 to2.7 for hypoplastic atrioventricular valves and2.0 toþ1.8
for hypoplastic ventricles. Another 11 patients were also judged to be within normal limits. Three reoperations
were for mitral valve regurgitation, and 1 reoperation was for mitral valve replacement. One patient died of cen-
tral nervous system bleed just before extracorporeal membrane oxygenation weaning, and 2 patients died of late
potassium overdose, for an 88% survival. Survivors are well with 2-ventricle repairs, and 15 of 19 patients are
not taking cardiac medications.
Conclusions: Increasing atrioventricular valve flow reliably induced growth. Valve repair and growth achieved
a 2-ventricle repair in all patients. (J Thorac Cardiovasc Surg 2012;143:S29-32)Congenital mitral valve (MV) and tricuspid valve (TV) ab-
normalities take many forms, but those found in unbalanced
atrioventricular canal (UAVC) defects are some of the most
complex and difficult to treat. In addition to the structural
valvar lesions, the difficulty is magnified by hypoplasia of
the valve and ventricle, increasing the risk of an initial
2-ventricle repair.1 As a result, the majority of these infants
are assigned to a single ventricle repair (SVR) track leading
to the palliative Fontan procedure. A 2-ventricle repair may
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The Journal of Thoracic and Careffective repair of the significant atrioventricular valve
(AVV) abnormalities and catch-up growth of the hypoplas-
tic structures. We previously showed that increased flow
across the AVV will induce growth and convert the hypo-
plastic structures into an adequately sized ventricle in pa-
tients with UAVCs.2 As our series of these patients grew,
however, more severe AVV abnormalities were encoun-
tered, increasing the importance of the valve repair.
The purpose of this study was to present the types of AVV
repair used and provide follow-up data on both their effec-
tiveness and the results of growth induction in our series of
patients with UAVCs. For all patients, the goal has been to
achieve satisfactory 2-ventricle repairs, but this strategy re-
quires that several questions be addressed. We provide mid-
term data on (1) the quality of the AVVs after repair and
growth, (2) the reliability of catch-up growth of the hypo-
plastic structures, and (3) the adequacy of the resulting
2-ventricle repairs to begin to determine whether the bene-
fits are being realized.MATERIALS AND METHODS
From 1995 to 2005, 24 consecutive infants (14 female and 10 male)
were diagnosed with UAVC (N ¼ 21) or related subsets (N ¼ 3) becausediovascular Surgery c Volume 143, Number 4S S29
Abbreviations and Acronyms
ASD ¼ atrial septal defect
AVV ¼ atrioventricular valve
HAVV ¼ hypoplastic atrioventricular valve
HV ¼ hypoplastic ventricle
MV ¼ mitral valve
SVR ¼ single ventricle repair
TV ¼ tricuspid valve
UAVC ¼ unbalanced atrioventricular canal
VSD ¼ ventricular septal defect
Mitral Valve Prolapse Foker et alof significant hypoplasia of 1 AVV (hypoplastic atrioventricular valve
[HAVV]) or the associated ventricle (hypoplastic ventricle [HV]). Left-
sided hypoplasia was present in 19 patients, and right heart hypoplasia
was present in 5 patients.
Preoperative and follow-up evaluations of AVV dimensions and ventric-
ular volumes were calculated from echocardiography-derived data; these
parameters have been used to determine suitability for a 2-ventricle
repair.2-6 AVV size was determined by 2 axis diameters and
echocardiography-based programs for area. Preoperative ventricular eval-
uations were done using biplane echocardiograms and the modified Simp-
son’s rule for volume calculations. All results were indexed (M2) and the z
values calculated using standard nomograms (z ¼ standard error of the
mean from expected; a method of standardization widely accepted in pedi-
atric cardiac evaluations). Hypoplasia was defined as an echocardiography-
derived z score of3.0 or less for either the AVVor the ventricle.
All patients, by AVVor ventricular evaluation, met the usual criteria to
be placed on the SVR track. Despite the hypoplasia, all patients underwent
operations designed to correct the valve lesions and induce growth, with the
goal of achieving a 2-ventricle repair.
Despite the considerable variety in the lesions, the operations were
grouped into 3 categories depending on the methods used to repair the
AVVs and correct the hypoplasia: (1) Staged growth procedures were per-
formed to first generate the growth signal followed by a second operation to
complete the 2-ventricle repair (N ¼ 10). (2) Repartitioning of the AVV
was performed to augment the valve area when this was the only hypoplas-
tic component (N ¼ 9). (3) An almost complete repair was performed, but
residual atrial septal defects (ASDs) and ventricular septal defects (VSDs)
were left to allow cardiac output to be maintained by shunting until growth
corrected the hypoplasia (N ¼ 5).
Our standard balanced atrioventricular canal operation consisted of
complete repair of the common AVV, Dacron patch closure of the VSD,
and autologous pericardial patch closure of the primumASD; however, sig-
nificant modifications were required in these patients with UAVC.
Staged Repair
The AVV was repaired, the VSD was partially closed (if the left ventri-
cle was hypoplastic), the primumASDwas closed by a patch, and a second
ASD was created and snared to be restrictive (gradient of 4–5 mm Hg ad-
justed off bypass) to increase flow across the AVV into the HV as de-
scribed.2 For patients with hypoplastic left ventricles, augmentation of
the cardiac output by the right ventricle through the VSD required a pulmo-
nary artery band to maintain systemic pressures in that chamber. For hypo-
plastic right ventricles, the VSDs were closed and a restrictive ASD
allowed right to left shunting to both maintain cardiac output and increase
TV flow.When catch-up growth of the hypoplastic structures was achieved,
the ASD and VSD were closed, and the pulmonary artery was debanded.
This group included 3 patients with a large TVand a distinctly separate
vestigial MV. For these patients, the MV was too small to be adequate;S30 The Journal of Thoracic and Cardiovascular Surgconsequently, the TV was divided by the VSD patch creating a second
MV (Figure 1). This division proved successful and allowed an adequate
cardiac output through the 2 MVs.
For 1 of these patients, the large TV had 3þregurgitation preoperatively,
and this remained in the newmitral component after partitioning and a sub-
sequent attempt at repair. The problem was a lack of chordae along 1 quad-
rant of the TV, and an MV replacement was required.
For all patients, the second stage was carried out when catch-up growth
reversed the hypoplasia (z ¼ 1.0).
Valve Repartition
On the basis of the annulus of the common AVV, standard septation of
the common AVV into 2 components would produce significant AVV hy-
poplasia in one. The mitral component would be deficient in 7 patients,
along with mild to moderate hypoplasia of the left ventricle. In 2 patients,
the tricuspid component was deficient. The size of the other AVV compo-
nent, however, allowed repartitioning of the commonAVV by the VSD and
ASD patches to shift the functional annulus and augment the HAVV com-
ponent. Placement of the VSD patch just inside the chordal margin of the
TV, for example, maximized the mitral component. The remainder of the
repair was carried out in standard fashion.
Almost Complete Repair With Residual Intracardiac
Shunting
Despite the hypoplasia of an AVVor ventricle reaching a z score of3.0
or less, our assessment in these patients indicated a standard atrioventricu-
lar canal repair could be carried out if a residual ASD/VSDwas left behind.
The septal defects would allow sufficient intracardiac shunting to maintain
cardiac output.When the hypoplastic structures caught up in size, the septal
defects would be expected to close later.
Follow-up Evaluation
The difficulties in patients returning for comprehensive follow-up ex-
aminations meant that many follow-up evaluations were done locally. In
many cases, biplane echocardiography examinations were not done; there-
fore, the ventricular volumes of patients were only judged to be within nor-
mal limits or not within normal limits on the basis of a single view.RESULTS
The preoperative data, operations, additional HAVV re-
pairs at initial operations, HAVV reoperations, and HV
and HAVV sizes initially, after growth, and at follow-up
are shown in Table 1.
The additional AVV repairs done at the time of the first
intracardiac operation included 3 cases of creating a second
MV and 3 valvotomies to repair stenotic AVVs.
The second operation in the staged repair group was per-
formed 5 to 145 (average 89) days after the first. Most pa-
tients (9/10) were discharged during this interval. In 1
patient, growth appeared adequate in 5 days, allowing re-
duction of the ASD and VSD to 2 mm each. Because the pa-
tients were discharged, scheduling follow-up evaluations
were done at convenience, and the reoperation does not re-
flect when catch-up growth occurred. Growth was relatively
rapid, and we believe the second repair could have been
done earlier (within 40 days).
All patients had completed 2-ventricle repairs. Three pa-
tients required reoperation for AVV regurgitation, and 1ery c April 2012
FIGURE 1. Creation of a second MV in a patient with UAVC and severe left AVV and ventricular hypoplasia with midterm follow-up. A, Preoperative
(4 months of age) indexed areas: original MV ¼ 0.27 cm2, TV ¼ 2.0 cm2. The preoperative TV z score was 0.8, and the original MV was too small to cal-
culate. Left ventricular volume¼ 1.3 mL, z¼7.5. B, Postoperative (4 months of age) indexed areas after dividing the TV. Original MV¼ 0.28 cm2, mitral
component from the TV ¼ 0.68 cm2, TV ¼ 1.2 cm2. C, Midterm (7-year) follow-up value areas showing catch-up growth of the original MV. Original
MV¼ 1.9 cm2, mitral component from the TV¼ 0.36 cm2, TV¼ 1.5 cm2, left ventricular volume¼ 77mL, z¼þ0.2. On follow-up, both the TVand original
MV were within normal range. Mo, Original MV; Mt, mitral component from the TV; T, tricuspid valve.
Foker et al Mitral Valve Prolapsepatient who required MV replacement has been upsized to
a larger valve. One patient underwent reoperation for an
MV parachute deformity. Consequently, later problems
with the HAVVs were relatively common (20%); how-
ever, the valves were repaired with a satisfactory outcome.
One patient with continuing left ventricular outflow ob-
struction required a Ross procedure.
All survivors have shown catch-up growth and corrected
the hypoplasia (Table 1). The echocardiography studies re-
vealed the remarkable growth potential of the hypoplastic
structures (Figure 1). The vestigial MV with an indexed
area of 0.27 cm2 and a z score too small to be determined
had grown to normal size (indexed area of 1.9 cm2) and
function at the 7-year evaluation. The created MV grew
but did not show catch-up growth, presumably because it
was not needed or because of the effects of the operative
TV septation.
There were 3 deaths in the series, including a central
nervous system bleed just before weaning from extracor-
poreal membrane oxygenation in a patient whose repairTABLE 1. Atrioventricular valve and ventricle evaluation, operations, and
Initial HV
volumes
Initial
HAVV size Operations
Additional HAVV
repairs at initial
operation
At se
stage o
HV size
1.5–4.7 mL
z ¼3.6
to7.5
5.5–10 mm
diameter
z ¼1.1
to6.5
Staged repair: 10 Creation of double
orifice MV: 3
Repair of stenotic
AVV: 3
4.8–11.6 mL
z ¼0.5
to1.4
Partition of AVV to
correct HAVV: 9
Complete repair
(with residual
ASD/VSD): 5
The Journal of Thoracic and Carwas good and function had recovered. Two late deaths re-
sulting from potassium overdose gave a midterm survival
of 88%.
On follow-up evaluation, the survivors all have
2-ventricle repairs and by report are ‘‘doing well,’’ with
15 of 19 receiving no cardiac medications. Two patients
did not have echocardiograms.
DISCUSSION
TheMVand TVabnormalities along with associated ven-
tricular hypoplasia in UAVC defects have posed consider-
able problems in repair and postoperative function.1
Because of the high mortality when significant valve or ven-
tricular imbalance was present, much effort has gone into
accurately determining what degree of hypoplasia would
be tolerated after a complete repair. Once the septal defects
are closed, no intracardiac shunting can take place to aug-
ment output and maintain stability. A complete repair in
this setting will reveal the adequacy or inadequacy of the
hypoplastic side.follow-up data
cond
f repair HAVV
reoperations Follow-up
Midterm
HV z scores
Midterm
HAVV sizeHAVV size
7–16 mm
diameter
z ¼þ0.2
to1.3
Repair of
regurgitation: 3
5.4–15.0 y 1.0 toþ2.0
and 11 within
normal
limits
2.1 toþ1.8
and 8
normal
limits
Repair of parachute
deformity: 1
MV replacement: 1
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Mitral Valve Prolapse Foker et alConsequently, efforts have been directed at determining
with more precision the borderline between acceptable
and unacceptable risks in proceeding with a complete
2-ventricle repair in patients with UAVC. Similar assess-
ments have been carried out in other defects with ventricular
hypoplasia.4 A variety of methods to determine ventricular
size, and more recently HAVVarea, have been used to define
more accurately the borderline between adequate and inade-
quate.1-6 To standardize this preoperative assessment and
make it reliable, the valve/ventricular sizes have been
compared with standard nomograms, allowing z scores to
be calculated. Significant hypoplasia is acknowledged to be
a z score of3.0 or less, which likely precludes a complete
repair.
Significant abnormalities of the common AVV may be
present to further complicate an atrioventricular canal re-
pair. When mitral or tricuspid structural abnormalities are
also present with the significant hypoplasia, a complete
2-ventricle repair is hazardous.1,3-7 The mortality after
repair increases steeply with the degree of hypoplasia; thus,
SVR has been advocated whenever the valve or ventricular
component has significant hypoplasia or deformity.
The focus has been placed almost entirely on deciding
preoperatively which patients with an atrioventricular canal
are too unbalanced and an SVR pathway should be chosen.
This views the situation as fixed and completely discounts
the potential for growth. Along with the results in this re-
port, there is considerable evidence not only that substantial
growth potential exists in these hypoplastic structures but
also that the growth signal is known.2 Similar growth results
have been obtained in lesions with hypoplastic right ventri-
cles and TVs.8
The advantage of a satisfactory 2-ventricle repair in com-
parison with an SVR is becoming clearer as the effects of
the latter become apparent.9 Although the SVR has had in-
creasing short-term success, it can only be considered pal-
liative. Furthermore, the patients with UAVC defects do
not make good candidates for an SVR. When compared
with patients with hypoplastic left heart syndrome, those
with UAVCs have greater difficulties and a decreased sur-
vival after a Fontan operation.10 Abnormalities of the
AVVs are of more consequence in SVRs. Consequently, itS32 The Journal of Thoracic and Cardiovascular Surgseems evenmore important that patients with UAVC defects
eventually have a satisfactory 2-ventricle repair.
CONCLUSIONS
Our series is relatively small; however, several conclu-
sions can be drawn. Both the HAVVs and HVs have consid-
erable growth potential, and in these patients, all hypoplastic
structures showed adequate catch-up growth. The presence
of intracardiac shunting during the time for catch-up growth
allowed these patients to augment the output of the hypo-
plastic valves/ventricles and maintain stability. Additional
operations on the HAVVs were required in 20% of patients,
but they proved satisfactory. Overall, the resulting 2-ventri-
cle repairs are satisfactory, and at least 88% do not have sig-
nificant residual defects and are not receiving cardiac
medications. The benefits over an SVR will likely increase
with time.
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